The purpose of this study is to determine whether a custom Google Maps application can optimize site selection when scheduling outpatient interventional radiology (IR) procedures within a multi-site hospital system. The Google Maps for Business Application Programming Interface (API) was used to develop an internal web application that uses real-time traffic data to determine estimated travel time (ETT; minutes) and estimated travel distance (ETD; miles) from a patient's home to each a nearby IR facility in our hospital system. Hypothetical patient home addresses based on the 33 cities comprising our institution's catchment area were used to determine the optimal IR site for hypothetical patients traveling from each city based on real-time traffic conditions. For 10/33 (30%) cities, there was discordance between the optimal IR site based on ETT and the optimal IR site based on ETD at non-rush hour time or rush hour time. By choosing to travel to an IR site based on ETT rather than ETD, patients from discordant cities were predicted to save an average of 7.29 min during non-rush hour (p = 0.03), and 28.80 min during rush hour (p < 0.001). Using a custom Google Maps application to schedule outpatients for IR procedures can effectively reduce patient travel time when more than one location providing IR procedures is available within the same hospital system.
Introduction
Interventional radiology (IR) services are increasingly shifting from hospital-based practices to those that incorporate freestanding outpatient facilities [1] . By providing services that are closer to patients' homes, outpatient centers have enabled broader access to both diagnostic and interventional radiology healthcare for many patients. Our institution first piloted outpatient IR services at one of our satellite facilities in October 2014, and two other facilities have since been opened. Given that we now have many centers that provide interventional services, one of the challenges that our patients encounter is selecting the site where they should undergo their procedure. In our anecdotal experience, some patients prefer to pursue care at a site that minimizes travel time, while others prefer to pursue care at a site that minimizes travel distance.
Due to the heavy traffic conditions inherent to our catchment area, the site closest in distance to a patient's home is not always the site that can be traveled to the fastest. This realization offers a new look at how transportation, an already widely acknowledged barrier to healthcare, can negatively impact the provision of IR services [2] . While online mapping technologies have markedly improved consumers' ability to obtain services and goods, it remains unknown whether these technologies can impact the delivery of healthcare to patients. The purpose of this study is to determine whether a custom Google Maps application can optimize site selection when scheduling outpatient interventional radiology (IR) procedures within a multi-site hospital system.
Materials and Methods

Outpatient IR Sites
The home institution and satellite facilities of the current study are located in New York. The main hospital is located in the Upper East Side neighborhood of Manhattan, and the satellite facilities that provide IR services are located in Commack, NY, Monmouth, NJ, and West Harrison, NY. Our referral area encompasses the metropolitan area of New York City and its surrounding cities. To model the impact of using a Googlebased mapping application to facilitate outpatient IR procedure scheduling, hypothetical patients were created using the geocoded center points of the 33 cities comprising our institution's catchment area. The 33 cities that were included in this study were defined as those belonging to the New YorkNewark-Jersey City, NY-NJ-PA Metropolitan Statistical Area as identified by the 2010 United States Census Bureau publication. Data was collected in April 2017.
Google-Based Mapping Application
The Google Maps for Business Application Programming Interface (API) was used to develop the Google Maps application, which is an internal website that uses real-time traffic data to determine estimated travel time (ETT; in minutes) and estimated travel distance (ETD; in miles) from a starting point (patient home addresses) to each nearby IR facility within our institution's multi-site hospital system. The Google Maps application is similar in appearance to Google Maps, the website application commonly used to direct consumers to submitted locations. However, we used the API to customize the application by preloading the addresses of our institution's outpatient IR centers. The user, who is typically a scheduler or secretary, enters the patient's home address, and the Google Maps application calculates the ETT and ETD from the user-submitted address to each of the IR sites within our hospital system (Fig. 1) . At our institution, schedulers and secretaries previously scheduled patients for appointments based on availability at each IR facility, without consideration of patient travel burden or convenience. Our schedulers and secretaries presently use the Google Maps application when scheduling patients for outpatient procedures in order to optimize patient travel time. Patients are scheduled for their procedure at the location that is closest in ETT to their home addresses according to the Google Maps application. To avoid any risks associated with transmitting Health Insurance Portability and Accountability Act (HIPAA)-protected health information to Google Maps, the application first converts patient addresses into a random longitude and latitude within 1 mile of the submitted patient addresses. The Banonymized^longitude and latitude is then transmitted to Google Maps in order to calculate the ETT and ETD from this random location to each of the outpatient facilities within our hospital system.
Data Analysis
In order to assess whether IR sites closest to patients' homes were those that could be traveled to the fastest, we used the Fig. 1 Custom Google Maps application used to predict travel time to the outpatient interventional radiology site. The red balloons represent the various IR centers within our health system. A space to submit a zip code, city, or address is provided. When user information is submitted, the Google Maps application then provides the closest IR site, the closest radiology site, and the closest lab site, along with the time (with and without traffic) and distance to the entered location Google Maps application to calculate ETT and ETD from each hypothetical patient home address to each of our nearby IR centers under real-time traffic conditions. To demonstrate the effect of traffic conditions on patient commute, the 33 hypothetical patient home addresses were entered into the Google Maps application at two distinct time points: at noon on April 2, 2017 (non-rush hour time), and at 7:00 am on April 3, 2017 (rush hour time). The ETT and ETD from these 33 hypothetical patient home addresses to each of our affiliated IR sites during non-rush hour (low traffic) and rush hour (high traffic) times were assessed. Using this information, we determined the optimal IR site based on ETT and the optimal IR site based on ETD for hypothetical patients traveling from these 33 cities during both non-rush hour and rush hour times.
For some hypothetical patient home addresses, there was discordance between the optimal IR site selected by ETT and the optimal IR site selected by ETD. Since we suspected that such discordance could negatively impact patients' ability to conveniently receive care, we performed further analysis to evaluate time saved and distance saved by traveling to both sites. Descriptive statistics and paired t tests were performed using Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA).
Results
A total of 33 cities were analyzed both at non-rush hour and at rush hour times. Although it may be intuitive that the IR site closest to patients' homes would be the fastest to travel to, we found that this was not always true. For 10/33 (30%) of the cities, there was discordance between the optimal IR sites as determined by ETT and the optimal IR sites as determined by ETD. For 7/10 (70%) of these cities, this discordance occurred during non-rush hour time, and for 10/10 (100%) of these cities, this discordance occurred during rush hour time.
Hypothetical patients traveling during non-rush hour time from 7 of the 10 (70%) discordant cities were predicted to save 
Discussion
Our study suggests that using a Google-based mapping application can optimize scheduling of outpatients for IR procedures by significantly reducing travel time to the site of care. Although it is reasonable to assume that choosing the center closest in distance to a patient's home would be most convenient for the patient, our findings suggest that this is frequently not the case. By scheduling outpatients for IR procedures using a custom Google Maps application, patients can save a significant amount of travel time. The adoption of this technology by healthcare providers across the medical field has the potential to make healthcare as a whole more easily and more widely accessible.
Geospatial mapping techniques and geographic information systems are poised to play an important role in many aspects of healthcare delivery [3] . Certain ethnic groups and residents of rural areas are often disproportionately subjected to longer travel times, which has been shown to be associated with more restricted access to healthcare [4] [5] [6] [7] . Commute time has also been found to hinder patient access to radiation therapy [8] and diagnostic breast imaging [7] . Simple cartographic mapping tools have already been used to identify deficiencies in geographic access to healthcare and to evaluate travel burden for patients participating in national clinical trials [9] . Web-based Differences in ETT and ETD between optimal IR sites by travel distance and optimal IR sites by travel time are provided as time saved and distance added, respectively mapping applications similar to those used in our study can even serve as a cost-effective aid in the planning and construction of future outpatient IR centers. Geographic information systems have been used for this purpose in the development of new nephrology clinics with the goal of minimizing travel burden for patients with chronic renal disease [10] . Similar tools have been demonstrated to be useful in designating the locations of prospective phlebotomy [11] , healthcare [12] , and cancer centers [13] . In emergency medicine, integrating ambulance location data with this type of web-based mapping application can provide accurate estimates of ambulance arrival time to the emergency department, which could be applied to improve the distribution of emergency medical resources [14] . In a study by Zucca et al., cancer patients who lived outside of the region included in the study endured significantly greater financial burden than those who did not [5] . In the current study, it was often the case that in order to improve travel time, hypothetical patients would have to travel further distances. For patients receiving long-term treatment, frequent outpatient visits can transform insignificant increases in travel distance into substantial cumulative increases in travel distance. Under these circumstances, outpatients who are already burdened by the expenses of healthcare may suffer due to the added cost of gas associated with traveling to an outpatient facility that is further in distance from their homes. Our Google Maps application provides both the site with the lowest ETT and ETD to the scheduler, who can convey these options to the patient. This allows for personalized travel options for the patient. It is interesting to note that while patients may experience marked reductions in travel time by traveling to an outpatient site selected by using this application, some patients prefer to seek care at our inpatient hospital despite the added travel time. Some patients have expressed that they believe that they will receive less-thanoptimal care at a satellite facility compared to the main hospital. Our scheduling team has been trained to educate patients about the potential benefits of our outpatient facilities, which include decreased travel time, free parking, and shorter wait times. This paper has several limitations. By only using hypothetical patient addresses from the geocoded center points of each city, we did not take into account the fact that hypothetical patients from different neighborhoods within the same city may experience varying degrees of traffic when traveling from their respective home addresses to different facilities. To yield more generalizable information, future studies should strive to include hypothetical patient addresses from each individual neighborhood, or better yet, each individual street within a given city in order to more accurately represent the population of that city. The Google Maps application estimates travel time at the moment that the patient is scheduled, but does not estimate travel time at the moment the patient will be traveling in the future. We anticipate that future advancements in Google mapping technologies may allow operators to predict travel time for future trips. Finally, travel times are based on anonymized longitude and latitude rather than actual patient addresses in order to maintain HIPAA compliance, which reduces the accuracy of the estimated distance by ±1 miles.
Conclusion
Using a custom Google Maps application to schedule outpatients for procedures can effectively reduce patient travel time when more than one location providing IR procedures is available within the same hospital system. Hospital systems should consider using custom mapping applications when scheduling outpatients in order to provide optimized and personalized care. 
